
  

HotSpot Just-In-Time Compilers

Chris Newland JCrete 2014



  

WhatSpot?
● Java HotSpot Virtual Machine

– Bytecode-interpreting stack machine
● No registers
● Variables pushed onto stack

– Just In Time (JIT) compilers
● Profile Guided Optimisation (PGO)
● Compile bytecode to native code

Tiered Non-Tiered -Xint -Xcomp

2.9s 2.6s 80.5s 4.4s

*Horrible unscientific benchmark 
(com.chrisnewland.jitwatch.demo.MakeHotSpotLog)



  

Talking JIT

● Client compiler (C1)
– Starts quickly, compilation to native, inlining

● Server compiler (C2)
– Waits until more information available
– Loop unrolling, Inlining, Dead Code Elimination, 

Escape analysis, Intrinsics, Branch prediction

● Tiered Compilation (C1 + C2)
– Default in Java 8
– Enable in Java 7 with -XX:+TieredCompilation
– Best of both worlds? 



  

Explain yourself!

● Enable JIT logging
●  -XX:+UnlockDiagnosticVMOptions 
●  -XX:+LogCompilation 
●  -XX:+TraceClassLoading (JITWatch)
●  -XX:+PrintAssembly

– Requires hsdis binary in jre/lib/<arch>/server
– Significant performance overhead
– http://www.chrisnewland.com/building-hsdis-on-linux-amd64-on-debian-369

– http://www.chrisnewland.com/building-hsdis-amd64dylib-on-mac-osx-376

http://www.chrisnewland.com/building-hsdis-on-linux-amd64-on-debian-369


  

I heard you like to grep?

● Logs can be > 50MB of XML :(
● Much bigger with disassembly!
● Let's build a visualiser!

<task compile_id='23' method='java/util/ArrayList$Itr 
checkForComodification ()V' bytes='23' count='9006' 
backedge_count='1' iicount='44000' st
amp='1.603'>
<phase name='parse' nodes='3' live='3' stamp='1.603'>
<type id='680' name='void'/>
<klass id='776' name='java/util/ArrayList$Itr' flags='2'/>
<method id='777' holder='776' name='checkForComodification' 
return='680' flags='16' bytes='23' iicount='44000'/>
<klass id='781' name='java/util/ConcurrentModificationException' 
unloaded='1'/>
<uncommon_trap method='777' bci='14' reason='unloaded' 
action='reinterpret' index='47' klass='781'/>
<parse method='777' uses='44000' stamp='1.604'>
<bc code='180' bci='4'/>
...



  

JITWatch

● https://github.com/AdoptOpenJDK/jitwatch/

● JIT Compilation
– When? (time, invocations)
– How? (C1, C2, Tiered, OSR)

● Decompiles
– Back to bytecode interpretation (Why?)

● Inlining successes and failures
● Branch probabilities - taken / not taken
● Intrinsics



  

Inlining (C1 + C2)

int a = 3;

int b = 4;

int result = add(a, b);

...

public int add(int x, int y) {  return x + y;  }

int result = a + b;

Inlined only if bytecode size is < 35 bytes or <325 bytes and code is hot* 



  

Branch Prediction (C2)

// make an array of random doubles 0..1

double[] bigArray = makeBigArray(1_000_000);

for (int i = 0; i < bigArray.length; i++)

{

   double cur = bigArray[i];

   if (cur > 0.5) { doThis();} else { doThat();}

}

// branch will be taken ~50% of time

// sorting the array will make it more predictable



  

Setting up



  

Compile tree



  

Compilations timeline



  

Toplists

● Bytecode size
● Native code size
● Inlining failure reasons
● Most-used intrinsics
● Compilation order
● Most-decompiled methods

– Compiler assumption was wrong



  

Toplists – Inline failure reasons



  

Compile times



  

Histogram – Inlined method sizes

Small methods
inlined aggressively



  

Code Cache



  

TriView



  

JVM Spec Browser



  

Compile Chains



  

Code Suggestion Tool



  

JMH support (perf annotations)



  

Now with some Scala support! (thanks Ignasi!)



  

JarScan Tool

● Static analysis of a jar
● Finds bytecode > inlining threshold
● These methods might not be hot
● Around 3000 non-inlineable methods in rt.jar

– String.split
– String.toUpperCase / toLowerCase
– Core parts of j.u.ComparableTimSort



  

Be assertive (or don't)

// java.util.Collections

public static <T extends Comparable<? super T>> 
void sort(List<T> list)
{
    Object[] a = list.toArray();
    Arrays.sort(a);
    ...
}



  

Too big to inline
// java.util.Arrays.java    

public static void sort(Object[] a)
{
     ...
     ComparableTimSort.sort(a, 0, a.length, 
null, 0, 0);
}

327 ­> private static int gallopLeft(...)
716 ­> private void mergeHi(...)
652 ­> private void mergeLo(...)
327 ­> private static int gallopRight(...)



  

Assert no more

Bench                   Mode  Samples     Score  error  

testSort                avgt       10  2957.302  45.569  
testSortNoAssertions    avgt       10  3046.972  98.393

gallopLeft  327   244 (­25.4%)→
gallopRight 327   244 (­25.4%)→
mergeHi 716   583 (­18.6%)→
mergeLo 652   517 (­20.7%)→



  

Other inlining optimisations?

String.toUpperCase()

Used in case-insensitive String comparisons.

439 bytes in 91 lines of code

Domain character set is limited?

Could a specialised version be faster?



  

hotspot/src/cpu/x86/vm/c2_globals_x86.hpp



  

TL;DR

● Eliminate other performance issues first
● Keep your methods small for inlining
● Add a JIT log check step to your build process?

– JITWatch suggestion tool
● “hot method too big”
● Unpredictable branches

● Learn about the JVM :)

Premature optimization is the root of all evil
Donald Knuth



  

Resources

● JITWatch on GitHub
– http://www.github.com/AdoptOpenJDK/jitwatch
– AdoptOpenJDK project
– Pull requests are very welcome!

● Mailing list
– groups.google.com/jitwatch

● Twitter
– @chriswhocodes

Thanks!

http://www.github.com/AdoptOpenJDK/jitwatch
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